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j HE Engineering Experiment Station was established by 
2.^, action of the Board of Trustees, December 8, 1903. It is 
H8B purpose of the Station to carry on investigations 
Bftffl along various lines of engineering and to study problems 
of importance to professional engineers and to the manu- 
facturing, railway, mining, constructional, and industrial interests 
of the State. 

The control of the Eugmeering Experiment Station is vested 
in the heads of the several departments of the College of 
Engineering. These constitute the Station Staff, and with the 
Director, determine the character of the Investigations to be under- 
taken. The work is carried on under the supervision of the Staff, 
sometimes by research fellows as gi'aduate work, sometimes by 
members of the Instructional staff of the College of Engineer- 
ing, but more frequently by investigators belonging to the 
Station corps. 

The results of these investigations are published in the 
form of bulletins, which record mostly the experiments of the 
Station's own staff of investigators. There will also be issued 
from time to time in the form of circulars, compilations giving 
the results of the experiments of engineers, industrial works, 
technical institutions, and governmental testing departments. 

The volume and number at the top of the title page of the 
cover are merely arbitrary numbers and re^^r to tne general publi- 
cations of the University of Dlinois; abcyct the title is given tM 



which should be used in referring to these publications. 

For copies of bulletins, circulars or other information 
address the Engmeering Experiment Station, Urbana, Illinois. 
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THE EFFECTS OF GOLD WEATHER UPON TRAIN 

RESISTANGK AND TONNAGE HATING 

I. Introduction 

The resistance offered by railway trains is greater in cold 
weather than it is under ordinary summer temperatures. Evi- 
dence of (his fact will occur to all who are concerned with train 
operation, and its recognition has led to the practice of reduc- 
ing tonnage ratings of locomotives during cold weather. This 
practice is almost universal among the railroads operating in 
the northern part of the United States and in Canada. On the few 
roads;, running in I his territory, which do not reduce ratings dur- 
ing cold weather, it seems probable that the ordinary summer 
ratings are lower than they might well be and that consequently 
the locomotives have a reserve tractive ofTort great enoufrh to 
perm i I Ihem to handle these same ratings throughout the winter 
months. 

Any irif thod of tonnage rating shonld recognize the three 
inipurlant variables which modify train resistance, viz., speed, 
average weight of the cars, and air temperature. The influence 
of speed is quite generally allowed for in establishing ratings 
and it is becoming more and more customary to make distinctions 
in rating on account of dilTerences in car weight. The influ- 
ence of the third variable, air temperature, may be as crreat as 
that of either speed or car weight, and it is proper that it should 
have received as general consideration in establishing winter 
ratines as has been accorded. 

Recognizing the importance of the subject, the Railway En- 
gineering department of the t'nivtTsity of Illinois, two years ap:o, 
uiideptook tests to detr^rnnnt' tlie increase in train resistance due 
to cold weather, and this work is still in progress. 11 is hoped 
that it may result eventually in information sndiciently specific 
to indicate the law accurdinfi to which Irain resistance* and 
air temperature are related, and thereby to enable the reductions 
in rating for different air temperatures to be determined with 
greater certainty than is now possible; for, as will appear later, 
there is at present considerable diversity of practice concerning 
sudi tonnage reductions. These tests are still far from being 

*Tbrou?bout tbe paper, traio resisUkooe m«aai tlw loroe needfld to keep the tn^D movtiur 
aiuciform peed on 8ttsiKbt,leT«ltfMik sad la •tiller. TUsfoToelaMpraiMdlniNMiiiilapvr 
ton oi min weight. 
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completed and the data in hand do. not yet warrant definite con- 
clusions. The work has, however, gone far enough to develop 
some rather interesting results and it is the purpose here to pre- 
sent this evidence and also to present a summary of the current 
practict' ol" American railroads in reducing tonnage ratings dur- 
ing cold wcalh'pr. 

Tlie maleriai here presented was first publislied in substan- 
tially the same form in the Proceedings of the Central Railway 
Club for January, 1912, and is reproduced by permission. The 
tests referred to were made possible by the courtesy of the olficers 
of the Illinois Central Railroad. 

Before presenting the experimental results, it may be helpful 
to examine the ways in which low air temperatures may affect 
tonnage rating. In establishing a rating, the purpose is to 
equate locomotive tractive effort and the total resistance of the 
train, i. e., to determine a train whose gross resistance shall 
equal the available tractive effort. Anything, therefore, which 
decreases tractive effort or which increases resistance will neces- 
sitate a reduction in rating. A drop in air temperature does both 
these things. Cold weather decreases tractive effort by decreas- 
ing the capiicil}' ol tlie locoiiiotive boiler. This it does in two 
ways — first. l»y increasing the ainouiil of heat lost by radiation, 
and secuiid, by low ering tlie leniperaliire of coiububtiun. Allow 
speed the reduction i a boiler capaci ty by increased radiation prob- 
ably does not amount to more than Uvo or three per cent even in 
very cold weather. The decrease in combustion temperature must 
be so small as to be negligible in its effects on steam production. 
Some slight decrease in the efilciency of the performance within 
the cylinders probably also ensues in cold weather, but data do not 
exist to enable us to evaluate this effect Gold weather further 
decreases tractive effort by increasing the machine friction in all 
the locomotive bearings. Since, however, the total machine fric- 
tion is itself not generally more than eight or ten per cent, when 
maximum tractive ellort is being developed, it is apparent that 
even considerable variations in this friction cannot greatly affect 
tractive etl'orl. Taking all liiese facts inltt consifJeralion, it seems 
likely that cohi weather does not greatly rt luce the tractive ef- 
fort of locomotives, and that, consequently, it does not neces- 
sitatp radical reductions in rating in so far as its effect upon the 
locomotive itself is concerned. Probably a reduction lu rating 
o' lour or five per cent, even with air temperatures aslowasO^'F., 
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is sullicient to allow for the reduced tractive effort of the loco- 
motive. 

The influence of cold weather in increasing total train resis- 
tance is. however, greater than its iiilluence on tractive effort. 
Under the conditions prevailing at ruling grades, total train re- 
sistance is made up of net resistance as above defined, together 
with resistances due to grade, to acceleration, and to' curva- 
ture. Of these four elements of resistance only the first — 
the net resistance on straight level track at uniform speed — 
is at all aiTected by temperature. At the speeds at virhich freight 
trains pass ruling grades, this net resistance is composed almost 
entirely of those resistances which develop at the wheel tread 
and the resistance developed in the car journals. The former we 
shall call roll i nor resistance and the latter journal rnsistance. 
When the tcmpppature of the air falls bnlow the freezing point, 
the moisture in the road bed freozos and the whole track struc- 
ture becomes less yielding. II seems reasonable to expect that 
under these conditions the rolling resistance will be different 
from what it is in summer weather. Whether it is greater 
or smaller does not appear, although there are some reasons for 
supposing it to he less on **frozen track." Whether it is 
irreater or smaller need not concern us here, for it is altogether 
likely that at the speeds prevailing at ruling grades this rolling 
resistance is much less than the other element of resistance, viz., 
the journal friction. It is in journal friction, therefore, that we 
must seek for the explanation of the effect which cold weather 
is known to produce upon train resistance and consequently 
upon tonnage rating. 

A brief review of the actions within the car journal may 
serve to make clearer Ihe way in which temperature airects the 
journal resistance. In the Journals of a car which has been 
standing, the oil film has been broken througli and the journal 
and brass are probably in direct eontaet. The temperature of 
the oil and of all the bearing parts is the same as that of the air, 
and the lower this temperature, the more viscous is the oil. As 
the car starts and the journal turns, oil is brought up from the 
waste below and the film of oil begins to establish itself. Until 
this oil film is established over the whole journal, the friction is 
high and gives rise to the great starting resistances which pre- 
vail at this time. As the journal continues to turn, the oil 
and all bearing parts begin to warm up, due to the heat devel- 
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oped by the bearing friction. As the temperature inoreases, the 
viscosity of the oil diminishes and the resistanoe decreases. The 

temperature of the bearing continues to increase until the rate of 
heat proflnction within thp bearing fM^nnls thr rat*- at which the 
heat is dissipated from the box and other parts, such as the axle. 
At this point, the bearing tonifx'rature becomes constant and the 
resistance reaches its minim uni value and here remains. This 
dissipation of heat is accomplished by the air moving over the 
box and axle, and the ratfi of heat dissipation varies almost 
directly with the amount of the difference between the tempera- 
ture, of the bearing and ilie temperature of the surrounding air. 
To maintain a certain rate of dissipation of heal the journal 
temperature may be lower therefore in cold weather than in 
warm weather, the temperature of equilibrium attained by the 
journal is consequently lower in cold weather than in warm 
weather, and the minimum viscosity of the oil is greater. On 
these accounts we are prepared to find that the minimum resist- 
ance attained in cold weather is greater than in warm weather. 

These statements are exemplified by the following record of 
journal temperatures obtained by the use of the University of 
Illinois dynamometer car:* 

Test number 1094 2007 

Average air temperature — degrees F 63 9 

Approximate average test speed — m. p. h 16 1$ 

Maximum tnmperature attained by test car journal — 

degrees F IIG 98 

These tnsts differ chiefly in the air temperature. In the test 
on the colder day the temperatnrt' of fquilibrinm attained by the 
journal is l<s' less than that attained on the warmer day. 

In anottier series of tests in which the journal temperature 
was measured, the resulting uvcrage maximnin journal tempera- 
tures attained during the tests wure about 125°, 137° and 145° for 
constantly maintained speeds of 10, 20 and 30 miles per )iour, 
respectively. In this case the temperature is derived f^m a 
journal of one of the cars in the test train. This car weighed 
101,000 lb. and was equipped with 5 in, by 9 in. journals. The air 
temperature during these tests varied from 62'' to W*, These 
valoies serve to show the temperatures attained in a heavily loaded 
journal and also to show the influence of speed on these 
temperatures. 

•This oar isequfpi>ed wttha recordlriir thermometer, the bul >' vhich is inserted in a hole 
driUed ia the body of one of the jouroal brasses. This instrumoat makes a eoDtf quods record 
ol JonriMl tcmpeniQfe. The Mr waidu BSjOOO lb., and ia equipped iriCh M in. bj 8 in. Jottmals 
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II. Rebults op Experimbnts 

Two years ago the Railway Engineoping dppartniont of the 
Uiliversily ol' Illinois cniuplek'd a series ol' tesls* to detenuine the 
inlhieiice of car weight on resistance. These tests were intended 
to show only the resistance prevailing in summer weather in 
order that they might serve as a basis for normal or "suimner 
ratings.'' Tests made during cotd weather have therefore been 
eliminated from Ihe results. These results are here presented as 
Fig. 1 merely to offer a basis of comparison. In deriving the 
curves of Fig. 1 it was necessary to produce for each test such a 
curve as is shown in Fig. 2 in which the relation between speed 
and resistance is indicated. Fig. 2 shows the values for resis- 
tance at various speeds for test 1027 made in July, 11)08, during 
which the air temperature varied from Oi° to S0°. In such 
a diagram a delinile relation between rnsislancp and speed is 
obvious and no diHiculty was experienced in drawing a curve to 
represent fairly this relation. In these respects Fig. 2 is quite 
characteristic of the entire series of 32 tests which led to the 
conclusions endjodied in Fig. 1. It should be borne in mind 
lhat these tests were made in warm weather. 

As the tests progressed^ however, and cold weather was en- 
countered, the plotted values of resistance and speed exhibited 
no such obvious relation. Fig. 3 shows the resistances at var- 
ious speeds obtained from test 1041, the first test made in cold 
weather. This test was made on October 31, 1908 and the air 
t»'mperature varied from 30° af llie beginning to 42° at the end of 
the test. If there is a definite relalijtn between resistance and 
speed for tliis test, Fig. 3 ( ertainly does not disclose it and it 
would require consideral)lp liardihood to try to draw a curve for the 
points there shown. The atleiujjt to discover a reason for the 
discordance among resistance values disclosed iii Fig. 3 by a 
couiparison of the condHions prevailing in test 1041 with the 
conditions of the preceding tests, made it clear that this test dif- 
fered chiefly in being run during cold weather. The explana- 
tion was souglit in this fact. 

In Fig. 3 the resistance values, for speeds in the neighbor- 
hood of 15 miles per hour, vary from 8.9 to 12.6 lb. per ton, and 
similar variations oiKsur at other speeds. If cold weather causes 
these variations, it does so through its influence on journal tem- 
perature. It was conceived, therefore, that the variations were 

'Freiebt Train ResistttDM: Boll0tin «3 Of tlM £0glllMiTiiW SzperlnwiK StMlon of the 

University of iUinoii. 
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due to difTerenccs in journal temperature, and that these differ- 
ences were, in their turn, due to Ihe fact that most of the points* 
in Fig. 3 applied to the period during which the journals were 
warming up. In other words, it was assumed that cold weather 
had unusually delayed in this tesl the time al which the temper- 
ature of equilibrium of the journal became established. 
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If these assumptions are correct, it might be expected that a 
diagram showing the resistance values and the correspondin^z: 
journal temperatures would disclose their intimate relation. No 
record of journal temperature was available at this time and it 
was consequently impossihle to prndnce such a diagram. Tf. 
however. th»' Jounial li'in[n'riiturt' was vai'viiig. it nuist have been 
iucrcasirif: as tlu' Ifain inoM'd liirlht'c and l ufllici' fruiii {he start- 
ing })uinl. and it was <-onchided liiat il'. i'ttr each ixdiif on the 
road al which rt'sislaiicc had been dt'tcrminfd. its vahu^ were 
plotted willMvspt'ct to the distance of that point from Ihe be- 
ginning of the run, such a plot would reveal a regular variation 
of resistance with distance *due to the influence of distance upon 

*Jfiao)i point Id this and succeedioff diaframs represeots tbe resistance value applying to 
B VMntoalarpoaltliOD of the traia apon tbe road, it may Mtaetbe momentary resistance aa 
the tnin passes a panicuUur point, or it may define tbe Bverace resUuuaoe during tbe time tbe 
tntin passes a sbort ttaek MeMon. 
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journal temperature. It was hoped that such a diagram would 
offer an explanation of the discordance among (he values shown 
in Fig. 3. This assumption was tested in the following manner: 
On Fig. 3 the two lines A and B were drawn embracing all 

points whose speed values lie belweeii 14 and 1() miles per hour. 
All points lying within the belt defined by lines A and B pertain^ 
therefore, to speeds which are not far from 15 miles per hour. 

The resistance vahies of the jxtints lying within this zone were 
next plotted as V\^. t. in which vertical distances again denote 
resislance. and horizontal (lislfiiici s represent miles rnfi from 
llie starting point. The points w hich in znne AH of Fig. 3 have 
the hight'st resistance values are found in Fig. 4 near (he jjcgin- 
ning of the run. whereas those Inn ing the lowest resistance 
values fall at the end of the run, and in general the points* in 




PlO. 5. SHOWLNG THB DECBBASS in RK8I8TAHCE AS TUK TBAIN VV TKMT 1041 
PBOOBnaW-THB CORVBS APFLTTO FOim DOTUBIT SPSBDS 



Fig 4 so arranged themselves that their resistance values con- 
stantly decrease as the distance increases. A few of the points 
in Fig. 4 are numbered. These numbers in Fig. 3 denote the 
corresponding points. Bearing in mind the facts that all values 
apply to the same train and to approximately the same speed, it 



*Poiot8 eand f ia Fig. 4 do not lie within zone AB: but. sinoe ther oomspoDd to speeds 
nottMir Irom n mliea per hoar, (13.0 nod M.7 m.p.h. reipeoctTe^) feber an tbera plottecl in 
order to flU outtiie esbibit tortlie lint 10 mllea. 
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is apparent that neither variations in car weight nor variations 
in speed can account for the regular decrease in resistance shown 
in Fig. 4. This decrease must therefore be due to the only re- 
maining variable which exerts any important influence upon 

rosislanco, viz., journal temperature. It is therefore assumed 
that in Fig. 4 llu* r'cgiilar dfcnmse in resistance as the train 
progresses is due to liie fact that the journal temppratures are con- 
slanfly increasing' and that, oil viscosity nnrl jimrnal resistance 
are therefore diminishing. This assumption underlies the fur- 
tlier discussion of tliis and of the following figures. Th'' lest 
condilitins* make it diiricult tt) directly measure (he temperature 
of the Journals in tlie frniii and the results are therefore j)r(*- 
sented in terms of distance run by the test train. The journal 
temperatures are intimately related to this distance unless the 
testis run under widely varying speeds. 
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The curve GG drawn in Fig. 4 represents approximately the 
rate at which resistance changes with distance run, and it ap- 
plies to a speed of about 15 miles per hour. It is apparent fk*om 
this curve that the resistance at the beginning of the run is 
about 14 lb. per ton at this speed and that it constantly decreases 
until the train has progressed about 35 miles, at which point the 

«Tli*kfiitn> teated are tralfbt tnlu of the Illliiota Oentnd BttHnwd. aooepted Mtlier 

come in the retrular service. It has not proved feasible, tbns ter, to directly memsare tbe 
temperature of any of ibe journals of the cars compoaini; these tratu. 
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resistance reaches its minimum value of about 10.5 lb. per ton 
and the jonrnaHMmporaturo ponrhes its maximum. Trains of 
lik(^ ciiai'uctfr when rnn at similar speeds in warm wcatln^r reach 
their minimum resistance within the first eight or ten miles of 
their run, and tlicir mimmum resistance is less than that 
attained in the train wliorie' performance is exhibited in Fig. 4. 

Fig. 5 also shows for this same lest (1041) the decrease in 
resistance as the train progresses. The curve G there shown is 
reproduced ftom Fig. 4, and the additional curves A, B and D there 
drawn were derived by a process similar to thai just explained 
in the discussion of Fig. 4. The curves A, B, C and D denote the 
approximate resistance for speeds of 21.8, 17.3, 15 and 12 miles 
per hour, respectively. All four curves show that the minimum 
resistance is reached at about 35 miles from the beginning of 
the run. For widely different speeds this distance would be 
different. Fig. 5 offers a means whereby we may determine the 
relation between resistance and speed at different points in ttie 
run. This relation is found in Hie following manner. On Fig. 
5 the lines EE and FFare drawn, intersecting all Imn curves at 
points corresponding respectively to 5 and 3') miles from the 
start. The points at which the line FF cuts curves A. li. G and 
D determine four resistance values which correspond respec- 
tively to speeds 21.8, 17.3, 15 and 12 miles per hour. These cor- 
responding values of resistance and speed constitute the co-or- 
dinates of the four points shown on the curve H of Fig. 6 and 
serve to define this curve. The values corresponding to the 
intersections of the line EE with the four curves of Fig. 5 serve 
similarly to define the curve G of Fig. 6. In Fig. ti vertical dis- 
tances represent resistance and horizontal distances represent 
speed, the curves G, and H represent, therefore, the variations of 
resistance with speed for test 1041. and present train resislanee 
curves in their nsual form. The curve G shows the resistanee 
at about 5 miles from the beginning of the nin. \\ hen th(^ jour- 
nals are still v(A(\. The curve H shows the resistant t at 3.") miles 
from the begtiming when the Jmirnals iiave altained their max- 
imum temperature. Fig. 6 presents the same information as is 
embodied in Fig. 5; but in a more familiar form. It should be 
recalled that Fig. 6 applies to a test made when the air tempera- 
ture varied from 30^ to 42^ and when the wind was light. The 
train was composed of cars weighing, on the average, 17.2 tons. 

In order to compare the resistance shown by curves G and H 
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with the resistance prevailing in warm weather, the curve K is 
drawn in Fig. 6. This curve is derived from Fig. 1 and shows 

the approximate resislanc'o in summer wealher of a train com- 
posed of cars weighing 17.2 tons. Curve K is therefore compar- 
able with either G or H. Curve H represents resistances whicJi 
an' fipproximately 25 to 30 pf>p cent greald* lhan those repre- 
senliMl by curve K and we may conrlndr thai lor the h'ain t)f h'st 
lOil even llip Hiiniiuum rrsistancc athtiricd at'ler the h'aiu iiad 
run 35 miles la aiiuut 25 pi-i- cenl greater than Ihe resistance of a 
similar train in warm weatlier. Whether the chang'e from sum- 
mer temperatures to a lemperalurt' of SO" will always result in 
an increase of 25 per cent in the resistance does not appear, and 
the data in hand do nat as yet warrant generalizations of tliis 
sort Attention is again called to the fact that the term resistance 
as here used means resistance on level track, and consequently a 
difference of 25 per cent in resistance does not necessarily re- 
quire a din'erence of 25 per cent in tonnage rating. This state- 
ment is developed beyond. 

Fig. 3 to (> constitute what is perhaps unneeded evidence of 
the etl'ect of low air temperature upon train resislanoe and upon 
tonnage rafin?>'. They sliow a way in which quanlilative expres- 
sion may he given to tliis clVcct. Th«'se four fi^^inrcs alsti sfrve 
to show Ihp molhods employed in (he study t»t' this prul)l(*m 
which is now in progress at the University of Illinois. \\ hen 
this work has progressed far enough to cover all ordinary 
ranges of air temperature and all ordinary car weights, it may 
result in information which will enable tonnage reductions to 
be determined more systematically than seems now to be pos- 
sible. It may be of interest to present a few additional diagrams 
touching one or two other phases of the subject. 

Fig. 7 and 8 are similar to Fig. 3 and 4 and they lead to 
similar conclusions. Fig. 7 and 8 apply to test 1045 during 
which the air temperature varied from 22" to 26°, and for which 
the Irain was composed of cars averaging 49.2 tons in weight. 
In FifT. 7 the resistance values are i)]i»lt*'d with respect to speed 
ami the same dillicuity of discovering any I'l latlon between re- 
sistance and spoed presents itself as was [jrescnlcd in Fie:. 3. 
When, however, these resistance values are plotted with respect 
in distance frnni lh»' bf'giiining of the run, as they are in 
P'ig. 8, they arrange themselves in a more orderly way. 
Ail the points of Fig. 7 are plotted in Fig. 8. Points 8, 9 and 
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17. which in Fig. 7 correspond to the highest values of 
resislaiice, I'ali in Fig. 8 f ithor at the beginning of the run 
or iminediatfly beyond (he stop at A: whereas points 1 and 2 
whicti have the lowest resistance valut s fall at the end of the 
run. Tn Fig. 8 fhe speed during Ihe run is indicated by the line 
in the upper part of the diagram. It will be noticed that the 
train was brought up to a speed of about 20 miles per huur with- 
in the first three miles of the run and that the speed was there- 
after maintained at approximately 20 miles, except in the im- 
mediate neighborhood of the two stops which are indicated at 
A and B. The speed for all but four of the points for which re- 
sistance is calculated lies between 18 and 21 miles per hour, and 
the speeds for these four points lie close to this range. Since the 
speed is so nearly uniform for all these points, its influence in 
modifying resistance is practically eliminated, and such changes 
in resistance as are indicated on the diagram are chiefly due to 
chauf^i s in join rinl temperature. A\ point A about 14miles f'rnrii 
the star* the train was slopped for one hour and fifteen min- 
utes, the air tempi raliire at thattimp being 23". Again at B, 12 
miles farther along, a stop of two ininules' duration was made. 
It is iatcrestiug to note the etTect of these stops upon the resist- 
ance. The resistance in the begiiuiiiig is in the neighborhood of 
seven pounds per ton. It steadily decreases as the train prog- 
resses, until at the point A', where the train was first detained, 
it had fallen to about four or four and one-half pounds. Upon 
leaving A the traln^s speed was immediately raised to its general 
value of 20 miles per hour and the resistance is found to have 
risen again to about the same value which it had at the original 
starling point. From Ihere on, the resistance again decreases 
steadily until the point B is reached, after which there is a slight 
increase in resistance due, probably, not so much to the Iwo- 
minnte sto|) as to the coolinj? of the journals during fhe consid- 
erably lon<.'rr (H fiod in wliicli the sjieed at this point was low, 
while the tram was approach in e- and li'avinji- B. The diagram 
serves W'ell to show how important the elTeci of such a sl(»p as 
that at A may be. If the ruliiig grade iu this case had occurred 
just beyond A, it is entirely likely that the increased train resist- 
ance would have stalled the train at thai point. There is no evi- 
dence in this diagram that the minimum resistance of this train 
at this speed is reached during the test. Indeed, if the resistance 
curves there drawn are accepted as correct, it seems clear that 
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the slops have delayed Ihe eslablishmenl of this iiiiiiiiiium re- 
sistance beyond the test limits. Comparison with resistance in 
warm weather is therefore unwarranted. 

During test 1064, the results of which are presented in Fig. 9, 
the air temperature varied from 1** below zero at the beginning 
to 5" above zero at the end of the test. These temperatures are 
lower than any others prevailing during the tests here discussed, 
and Fig. 9 is introduced primarily on that account. It exhibits 
the same facts as may be derived from Fig. 4 and 8 and needs 
but little additional commonl. The speed during this test was in- 
creased from 8 miles per hour near the sltir[ to 20 miles per hour 
al Ihe point A, beyond which it was maintaiucd almost uniform 
al 20 miles per hour. The resislance vaUit's derived for the first 
10 miles (tf the run are not numerous enough to offer nuich in- 
formation. Between A and B. however. Ihe points are more 
numerous and indicate clearly the usual decrease in resistance 
as the train progresses. The resistance, which at A is ^ pounds 
per ton, has decreased at B— ^ miles firom the start — to about 
16 pounds per ton, and probably it would have continued to de- 
crease had the test been continued beyond this point. The nor- 
mal resistance in summer weather for a train of this car weight 
(16.5 t(»ns i, as derived from Pig. 1, is 9.5 pounds per ton. The 
train of this (est has, therefore, a resistance 08 per cent in excess 
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of the nonnal, even after running 24 miles. Part of 'this excess 
is doubtless due to the fact that a strong wind prevailed during 
the test ; most of it, however, is probably due to low temperature. 

Fig. 10 and 11 apply lo test 1086, during which there were 
very li^xhl winds and the air temperature varied between 28° and 
30°. Tile lesi train was composed of cars whose weights aver- 
aged 50.5 tons. Kig. lU siiows the rcsislniicf \ nluf's j)lolled witli 
respect lo sp^ed. and it dill'ers from similar ijreceding diagi'ams 
only in that the spct'ds vary Ihroughont a greater range. This 
figure will be used, as lia\ H the othei's. lo show the inlliience of 
journal li'mperal ui-i' ; l)ut before doing so it maybe of interest to 
show how plausibly this exhibit might be so construed as to lead 
to wrong conclusions. 




Fie. 10. SHOwnro Rmistance and Shekd for test i4M->Ant TntpnATOBS 

Vahibd fkou 2a Ti) 30 



The diagram exhibits considerable variations in fb*' resist- 
ance valnt'S. even at like speeds. Le| it l)e assumed. ho\\e\er, 
that speed is the only iuijutrlant inilueuce ni wnrk in causing 
this variation. Presujiposing that no record of wind velocity is 
available it might seem justifiable to ascribe much of this varia- 
tion lo the variations in wind resistance, and also to occasional 
changes in such elements of resistance as flange friction. Mak- 
ing such allowances, the discordance among points in the dia- 
gram might appear no greater than should be expected. Such con- 
siderations might easily lead to the belief that the diagram does 
actually represent the true relation between average train resist- 
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ance and speed, and it would therefore appear justifiable to rep- 
resent this relation by a line drawn among the points of Fig. 
10. An attempt to thus express the assumed relation would 
probably result in a horizontal straight lino lying at a height 
corresponding to about 4.5 pounds per Ion. Such a process 
would consequently lead to the conclusion that U^r this train the 
resistance is the same for all speeds up to about 40 niili s per 
hour; that is. that train rcsislanro is independent of speed, it is 
obvions, however, from whal has preceded, thai in cansiiifi the 
variations in resistanec sliow ii in Fi^. 10. the jonrnai lempera- 
tnre plays at least as iniporlani a part as llie speed. F\g. 11 will 
make if clear thai Ihere is no warrant for the above conclusion 
in this case. 
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TEST NO. S-1086 
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Fio, 11. Showing the Variation of Resistanck with Distance ami> with 

SPMD rOB TMT low 

Fig. 11 comprises the points which in Fig. 10 lie between the 
lines A and corresponding to speed limits of 12.5 and 26 miles 
per hour. B is chosen at this point merely to reduce the length 
of Fig. 11. The resistance value for each point lying within this 
zone is plotted in Fig. 11 with respect to the distance of this point 
from the start. The upper line in Pig. 11 again represents the 
speed, which was quite uniform and near 20 miles per hour for 
the first 12 miles of the run — ^up to the point G. Beyond G the 
speed varied considerably. As in the tests previonsly discussed, 
the resistance decreases with great regularity during the first 12 
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miles, unlil at G the journals have apparently attained their 
maximum temperature for a speed of 20 miles per hour, and the 
resistance has reached its minimum value for this speed. Be- 
yond G, therefore, the influence of journal temperature upon re- 
sistance largely disappears and the resistance thereafter responds, 
in its variation, quite definitely to changes in speed. 
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FIO. II. Showing the Imtim atb Rblation of Rbsihtanob ahd Spmo 

AVTBU THB JOURNALS HaVB BBOOMM WAUH 



Reference was made above lo Ihe d*jfinite response 
made by resistance ta changes in speed, after the journals have 
become thoroughly warmed up. Fig. 12 is introduced lo further 
lUuslrale Ibis. Tl applies to It.'sl 1031. which was made in warm 
weathi'i' and which was scleclcd on this account. During test 
1031 the air tem{)cralurc varied between 70° at Ihe start and 82° 
at Ihe end of Ihe test. Within the first eleven miles Ihe journals 
had assumed their maximnni tenijjeralure and the record is pre- 
sented only for that portion of the run lying beyund this poinl. 
As before, the upper line in Fig. 12 represents speed and the lower 
line represents resistance. The diagram reveals the intimate 
relation which exists between resistance and' speed when the 
journals are warm. Every change in speed is closely follawed 
by a corresponding change in resistance. 
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III. The Effect of Grade on Tonnage Reductions 

It was slated above that an increase in net train resistance, 

of say 30 por opnt, due to low fnmppratnre. does not necessarily 
require a like reduction in train tonnage. This is due fo the 
facts thai net Irain resistance, which here denotes merely the 
resistance on level track, is not the only resistance which absorbs 
the tractive efTort, and that the other resistances €U*e unalTected 
by temperature. . 

The process of rating locomotives consists essentially in 
specifying a train whose gross resistance shall equal the avail- 
able tractive eiTort. Since ratings are made to meet the condi- 
tions which exist at the ruling grades, this gross resistance must 
always consist of net resistance, as above deflned, and of grade 
resistance/ Of these two elements the grade resistance is 
almost always the greater. Obviously neither air temperature 
nor any other externa] condition can affect the grade resistance, 
which is modified only by difference in grade. Since the larger 
flompnt of gross rosisiancc remains nnatTected. the reduclions 
in rating in cold vvealher need not be as great as the variations 
whieti coM weather causes in tbe smaller element of eross re- 
sislanre: tlial is. in tlie net train resistance. Neither are these 
tonnage reductions llie same for different grades. An example 
may serve to make this clearer. 

Let us assume that it be required to find the summer and 
winter ratings for a certain class of locomotives on two divisions 
of a road, which we here designate as division A and division B. 
The ruling grade on A is one-half per cent, and that on B is one 
per cent. The resistance due to grade alone is 20 pounds per ton 
of train weight for each per cent of grade, and the grade resist- 
ance on division A is therefore 10 pounds per ton while on divi- 
sion B it is 20 pounds per ton. Now assume fidso that the net train 
r-'sistnnce for tlie desired speed is 4.5 pounds per ton in summer 
and lliat in winter it is 33^/^ per cent creator, namely, (i.o |)nnnds 
per ton We assume further that in summer the available tract ive 
eltort on grade A for the class of engines under consider ation is 
32.000 lb. and on grade B 30.500 lb. Tf the elTect of cold w.>ather 
upon the engine itself be assumed such us to cause a reduction of 

^Acceleration and curve resistance may also be components of this gross resistance. 
They are. howaver, ignored here, since their consideration is not necessary to tbe argument, 
although their imsanee tnodtly Iti oonelnslon. 
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five percent in tractive efTort, we find the available tractive effort 
in winter to he 30,400 lb. on division A and 28,970 lb. on division B. 
We have now available enough information to calculate the ton- 
nage ratings. On diN ision A. forexamplef the gross resistance 
in summ-eris 10+4.5=14,5 lb. per ton, the traclivc effort is 3?.n( tO 
lb. and the tonnage is conseqiuMiM y 3*^.000-^ 1 4 .5='^.<^07 tons. The 
winter tonnagi' on division A is 30,400 -i- ( lO-f-O.O) =1.9(X) Inns. 
The proper winter tonnage (Ui division A is found flioroforo to be 
12207— l.000)-^t?'2O7= 14 per ociit less than the suninir r' tonnage. 
ISiniilurly for division B the tonnage rednclion for winl' i' weather 
is fnund Id lie l<> ytereenl. The resnlts of these culculations are 
summarized in llie lo])«»wing table: 

Division .\ Division B 



RuiingGrade — percent u | 

Trartivt' Effort in Siinim»n\ pounds 32,000 SO.rjOO 

Trat tive Effort in Winter, pounds 30,i00 L^H.yTO 

Grade Hosistanci', pounds per ton lO 20 

Net Resistance ill Sum me"', *' " " 4.5 4.5 

Net Resistance in Winter, " " " 6.0 6.0 

Gross Resistance in Summer, " " " 14.5 .'1.0 

Gross Resistance in Winter, *' ** '* ir..o li. O 

Tonnage in Summer, tons 2,207 l. -io 

Tonnage in Wintor, " 1,900 1,H5 

Tonnage Reduction, per rent 1 i 10 



It is apparent from these calculations that an increase in net 
resistance of 33 per cent necessitates a reduction in rating on 
division A af only 14 per cent and on division B this reduction 
need be only 10 per cent. Not only are the tonnage reductions in 
both cases considerably less than the difference in net resistance, 
but the reductions are diCTerent on the different grades. The 
greater grade requires the smaller tonnage reduction. If the 
ruling gradi s oti a particular road do not dilTer greatly on the 
different divisions, it would be an unnecessary refinement of 
practice to discriminate between divisions in establishing ton- 
nage reductions for winter weather. If, <>n Ihe other hand, a 
road runs in both level and mountainous mn iih y. it is n(d only 
]o«iical but ('('(inomical to malve such disl lucl ions. The inlor- 
nuition at luiiul cunci i'iii ng current practice indicates that these 
facts ha\e received little consideration, or at any rale, no ap- 
plit ation in the establishment of certain existing tonnage rating 
systems. On other roads, however, the facts are duly recognized 
and embodied in their rating practice. 

There are a few roads operating almost exclusively in 
mountain territory which find it unnecessary to make reductions 
in rating for low temperatures. The ruling grades on these 
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roads are. of ronrso, heavy. The foregoing example illustrates 
how the elTect of heavy grades may disguise and almost nullify 
great vnpiations in net resistanrr". and it ofTers. thopofope, some 
justification for tlir practice vvliich ignores distiliclions between 
summer and winter ratings in such territory. 

These facts serve aiso to sliow the necessity for care in 
adopting on one road the praoticr wiiiciihas proved satisfactory 
on ttuuliier. Unless the ruiiug grades are nearly alike, the sys- 
tem of tonnage reductions which has proved itself satisfactory 
on one road ought not to be transplanted to another without 
due consideration of these facts, even though the vireather con- 
ditions are identical. 

IV. A Summary of Current Practice 

In connection with this invesligalion, a considerable amount 
of information has been collected from the railroads of the coun- 
try concerning their tonnage rating practice. The attempt has 
been made to summarize this information and present it in the 
table which is here included, in the expectation that it would be 
useful to have such information assembled in somewhat com- 
pact form. It is believed that the table fairly represents, in 
most cases, the practice of the various roads as stated by their 
own officers. It has, however, been difTlcult occasionally to 
force into the form ani limits of tlie fable all the information 
availal)le, and in a few cases the tabular statemont scarcely re- 
presents all the facts. It is dillieult. for example, to present in 
tabular form the limitations placed by some roads upon the ap- 
j)licalion of their general |.ractice. It is hardly })ossible to in- 
dicate in the table the degree of authority given on these roads 
to trainmasters and dispatchers, under which they may vary 
from the usual practice. 

The roads are arranged in the table in the order of the air 
temperature limits which determine the normal rating and which 
appear in the first column. This arrangement was adopted be- 
cause it makes easier the direct comparison of figures appearing 
in the later columns. At the same time, it brings together roads 
which operate in very different b'rritory and n nder very different 
weather conditions and these facts should be borne in mind in 
making comparisons. Examination of the table makes i! evi- 
dent at once that then' is great (tiversify of practice. Not only 
are different tonnage reductions made for similar temperatures, 
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but the range in temperature which is Gonsidered to warrant 
tonnage reduction varies from a few degrees to 30 or 40 degrees. 
Some roads have only one rating schedule in addition to their 
normal schedule;- others operating under weather conditions not 
radically dilTereni have as many as ten additional schedules. 
Most of the difTerences in practice are, however, not surprising 
when i I is considered thai (he roads included, represent practi- 
cally Ihe entire United Slates and Canada and represent, there- 
fore, the grnat'est variely in WPfithiT condi linns and topography. 
Most of tlie diU'tTonci's in praclic" discluscd Ity the table are quite 
siifTiciontly oxi>lained by tiie dilVerejiues in the weatlier condi- 
tions prevailing in the territory served. 
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